We attempted to improve the bioavailability of green tea catechins by using food ingredients. The catechin bioavailability of a green tea extract administered to mice was significantly (p < 0:05) increased by supplementing with steamed rice. This enhanced bioavailability was due to the increased concentration of plasma non-gallated catechins, especially epigallocatechin (EGC).
Tea from the plant Camellia sinensis L. is one of the most popular beverages consumed worldwide in its green, black, and oolong forms. It contains such compounds as polyphenols, polysaccharides, amino acids and vitamins, and reduces the risk of a variety of diseases. 1) Catechins, one of the main components of a tea extract, have antioxidative activities 1) and immunomodulatory effects, 2) and play an important role in reducing the risk of disease. The most abundant catechins in a green tea extract are epigallocatechin gallate (EGCG), EGC, epicatechin gallate (ECG) and epicatechin (EC), approximately 70-80% of the catechins in a boiled tea extract being EGCG and EGC; however, these catechins are unstable under physiological conditions. 3, 4) EGCG and EGC are the most sensitive to higher pH conditions, 4, 5) and these catechins are degraded by epimerization and autoxidation reactions in the process of digestion. 6) Attempts have been made to improve the bioavailability of green tea catechins by using food ingredients, 5, 7) and an in vitro experiment involving the addition of ascorbic acid, and soy and rice milk increased the total catechin recovery. 5) An in vivo experiment has demonstrated that the combined addition of sucrose and ascorbic acid improved the catechin bioavailability, but not when added alone.
8) The addition of semi-skimmed milk did not improve the catechin bioavailability. 7) We investigated in this study the possibility of improving the catechin bioavailability by adding steamed rice, the staple food of Asia, to a green tea extract.
The green tea extract was prepared from a tea cultivar harvested from a plantation at the National Institute of Vegetable and Tea Science in Kanaya, Shizuoka, Japan. The tea leaves were dried in a microwave oven, pulverized, and stored at 4 C before being analyzed.
The tea leaves (3 g) in distilled water (DW; 100 mL) were boiled for 2 min. One milliliter of the tea extract was mixed with 0.25 mg of ascorbic acid (Wako, Osaka, Japan) or 50 mg of alphanized rice (steamed and dehydrated; Satake Co., Hiroshima, Japan) which had been pulverized before use. ICR female mice, 6 weeks old, were purchased from Charles River Japan (Kanagawa, Japan) and housed three per cage in a room at 24 C and 60% relative humidity. A time-controlled system provided a 12-h light/dark cycle (lights on 7:00-19:00 h). Food (CRF-1; Oriental Yeast Co., Tokyo, Japan) and water were supplied ad libitum, except for a period of 12 h before the experiments when only water was supplied. Three mice per group were administered 1 mL of either test solution via an orogastric tube. Blood was collected from the axillary artery under ether anesthesia, either before sample administration or 0.5, 1, 2 and 4 h afterwards. The animal experiment was performed by following Guidelines for Animal Experimentation no. 105 and Notification no. 6 implemented by the government.
Blood was centrifuged for 5 min at 7700 g, and the plasma was transferred to a polypropylene tube. Each plasma sample (100 mL) was mixed with 150 mL of a mixture of deconjugating enzymes (500 U of -glucuronidase and 20 U of sulfatase) and 0.1 M sodium phosphate with 0.3 mM EDTA, and the mixture was incubated at 37 C for 45 min. The reaction mixture was then deproteinized by adding 250 mL of dichloromethane, and the deproteinized sample was extracted twice with ethyl acetate. The combined ethyl acetate extracts were evaporated to dryness in a vacuum centrifuge concentrator. The residue was redissolved in 100 mL of a mixture of 0.1 M sodium phosphate and 10% (v/v) acetonitrile, the solution was centrifuged, and 30 mL of the supernatant was injected into an HPLC system (Class; Shimadzu, Kyoto, Japan). The catechins were detected with a Coulochem III EC detector (ESA Laboratories, Chelmsford, MA, USA), using a reversedphase Wakopak Navi C18-5 column (4.6 mm i.d. Â 150 mm, 5 mm granule diameter; Wako). The solution was then eluted with a linear gradient comprising mobile phase A (H 2 O-acetonitrile-H 3 PO 4 , 400:10:1) and mobile phase B (methanol-mobile phase A, 1:2) at a flow rate of 1 mL/min at 40 C. Quantification was made by using the external standard method.
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We investigated the catechin bioavailability with the addition of steamed rice or ascorbic acid to a green tea extract that contained EGC of 816 mg/mL, EGCG of 1067 mg/mL, ECG of 210 mg/mL and EC of 266 mg/mL. As shown in Fig. 1A and Table 1 , the plasma catechin concentration reached a peak levels around 0.6 h after administration, regardless of the addition of rice or ascorbic acid. The AUC and C max values with addition of the rice were significantly increased (Bonferroni/ Dunn, p < 0:05) to 1.55-fold and 1.63-fold, respectively, as compared with the non-supplemented green tea extract (Table 1) , and the catechin bioavailability was significantly increased (repeated-measures ANOVA, p < 0:05) by addition of the rice (Fig. 1A) . On the other hand, the addition of ascorbic acid did not improve A, Total catechin concentration in plasma after administering the green tea extract supplemented with rice or ascorbic acid. Data were analyzed by repeated-measures ANOVA. The addition of rice significantly increased (p < 0:05 vs. non-supplementation) the plasma catechin concentrations. B, EGC, EGCG, ECG and EC concentrations in plasma after administering the green tea extract supplemented with rice or ascorbic acid. Each value is the mean AE SD (n ¼ 3). Data were analyzed by repeated-measures ANOVA. The plasma EGC concentration was significantly increased (p < 0:01 vs. non-supplementation) by supplementation with rice. The data were fitted to three-dimensional spline curves by using KaleidaGraph graphic software (Hulinks, Tokyo, Japan). the catechin bioavailability, as has been previously reported. 8) We next assessed the bioavailability of each catechin. As shown in Table 2 , the AUC and C max values for EGC with the addition of rice were significantly increased (Bonferroni/Dunn, p < 0:05) to 1.77-fold and 1.72-fold, respectively, as compared with the non-supplemented green tea extract, and the EGC bioavailability was significantly increased (repeated-measures ANOVA, p < 0:01) by the addition of rice (Fig. 1B) . The plasma EC concentration was also increased by the addition of rice, albeit not significantly. On the other hand, the plasma EGCG and ECG concentrations were decreased by the addition of rice and by ascorbic acid, albeit not significantly. These results show that adding rice to the green tea extract increased the bioavailability of nongallated catechins, especially of EGC.
Such gallated catechins as EGCG and ECG are easily bound to proline-rich proteins (PRPs) through their galloyl moiety, 9) and PRP-bound gallated catechins are converted to non-gallated catechins by tannase cleaving the galloyl moiety. 10, 11) The rice endosperm is rich in PRPs; 12) we therefore infer that rice PRP-bound EGCG (or ECG) may be converted to EGC (or EC) by tannase in the small intestinal tract. The absorption efficiency of intestinal non-gallated catechins is higher than that of gallated catechins; 13) the increase of EGC by EGCG conversion in the intestinal tract may therefore be related to the enhancement of EGC bioavailability. The gastrointestinal uptake/transport of catechins is an important factor in improving their bioavailability. 8) Some components in the steamed rice may directly up-regulate the expression of such transporters as multidrug resistanceassociated protein and monocarboxylic acid; 14) however, further detailed studies are needed to clarify the mechanism for the enhanced bioavailability of EGC with steamed rice. The findings in this study may provide a fundamental clue to the effective bioavailability of green tea catechins.
